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Abstract 
Machining of ferromagnetic materials often changes their magnetic fields. This can lead to a 
contamination of the workpiece surface due to attracted particles and influence further processing and 
application. A better understanding of the mechanisms in machining processes leading to magnetic 
fields is a prerequisite to meet high cleanliness demands of the machined parts and the quality of the 
assemblies. In this paper, it is discussed which effects have to be examined to get a better 
understanding of the mechanisms. The setup of the measurement system is explained and the 
systematic proceeding in investigating the impacts is exemplified by test series, where process 
parameters of a milling operation have been varied and resulting surface changes and magnetic 
characteristics have been analyzed.  
 
Keywords: Machining, Surface, Magnetism, Methodology 
1 Introduction 
During the application of cutting processes, workpieces made of ferromagnetic materials change 
their magnetic surface properties. This change of magnetization can influence the further 
manufacturing steps and the use of the components or workpieces, e.g. due to adhering metallic chips 
or small particles at the workpiece.  
Magnetization processes change the magnetic polarization within a ferromagnetic material. Due to 
the interactions between the atoms, crystal domains with uniform magnetization, the so-called Weiss- 
or magnetic domains, emerge with expansions from 1 to 100 μm. They are separated from each other 
by so-called Bloch walls. Due to the required energy for the Bloch walls’ formation, the subdivision 
into smaller and smaller domains is limited (Cullity, 2009; Berkowitz, 1969). In the non-magnetized 
state, the domains of uniform magnetization are distributed in a way that they compensate each other 
macroscopically to zero. When applying an external magnetic field H (H=B/μ; B: Magnetic flux 
density; μ: Permeability), the domains with approximately parallel orientation of the magnetic field 
increase at the other domains’ expenses by shifting of the Bloch walls. During an increasing 
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magnetization, rotations of Bloch walls occur until the magnetization vectors of the domains are 
parallel to the externally applied magnetic field, respectively saturation. 
Besides the immediate effect of external magnetic fields (Eyrisch, 2009), influences by the process 
of chip formation during the machining and the changes in the machined workpieces’ microstructure 
are also important (Grimm, 1998). Baehre et al. assume that both the effect of external fields 
supported by temporary high temperatures within the surface zone and material deformation 
contribute to the magnetic field of the workpiece (Baehre, 2011). 
A further possible cause for the occurrence of magnetic fields after the cutting process is the 
magnetoelastic or Villari effect of inverse magnetostriction. It describes that in ferromagnetic 
materials each change in magnetization (∆H) causes a change in length (∆ε) of the workpiece, and in 
the same proportion each change in length leads to a change in magnetization. The cause for such 
changes in length could be changes in residual stress (∆σ) which are introduced into the workpiece 
through the mechanical machining. Local residual stresses (∆σ), leading on their part to changes in the 
magnetic field (∆H) of the sample, can also be caused by local thermal load (∆T) during the 
machining (Bozorth, 1951; Piech, 1992). For electrical steels there are examinations which illustrate 
deterioration of the magnetic properties related to manufacturing effects (Harstick, 2014; Siebert, 
2014; Byrne, 1989). 
In the presented research paper it is discussed which influences have to be examined to get a better 
understanding of the mechanism that changes the magnetic properties during the machining of 
ferromagnetic materials. In doing so, especially the interactive impact between the analysis 
methodology, the measurements themselves and the material’s conditions are analyzed on the basis of 
the batch as well as of the material’s magnetization state and the workpiece’s magnetization behavior. 
The experimental analyses comprise experiments during a milling process in consideration of equal 
frame conditions, e.g. constant external magnetic fields or no tool wear, with subsequent non-
destructive analyses. 
2 Methodology and Setup 
2.1 Methodology 
Magnetic fields can be measured in different ways, e.g. by measuring the Hall Effect. In order to 
detect influences along the process chain, a systematic methodology is required. On the one hand, the 
effect on the raw material is due to the material itself, for example due to the production process, the 
percentage of the alloying elements and the temperature control. On the other hand, handling, 
transport and storage are influential. Table 1 describes the potential effects in magnetic properties 
along the process chain. The differentiation is displayed in four process steps, the material itself, the 
initial state, machining step and the further processing. For all steps the influences are specified. The 
methodical proceeding is shown for all steps. They all need a clear documentation and measurement 
techniques, which have to be specified for the single steps.  
Each single process step has to be incorporated to understand the change in the magnetic 
properties and to consider and change their long-term effects. The main causes can be found in the 
machining itself, i.e. the effects of external fields, caused by clamping systems and drives, the tool-
workpiece combination and the related process parameters. The measurement method and -scheme are 
crucial for the ability of giving comparative statements. 
The compliance with limiting values of the magnetic properties can be decisive for the result of 
the cleaning process. The limiting values follow either the in-house guidelines for residual magnetism 
or the norm of VDA 19 and ISO-1632, respectively. Detailed knowledge of the influences along the 
process chain is therefore required. 
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Table 1: Potential effects in magnetic properties along the process chain. 
From this necessity follows the presented scheme of examinations during the Machining step, 
Figure 1. In the first step the determination of, amongst others, the process parameters and the 
materials takes place. The measurement itself takes place under determined and constant conditions 
after the machining. The evaluation step and the representation take place to be able to conduct a 
comparison of the results. The findings gained help on the one hand to better understand the process 
und on the other hand also to receive conclusions for the gain of knowledge.  
 
 
Figure 1: System of the experiments. 
2.2 Experimental Setup 
 For the experiments, commonly used automotive steel 1.7225 was used in two different batches. 
The single samples were prepared to an initial state from a bar stock of the material with the size of 
40*60 mm and a height of 15 mm. Based on the approach of the studies, the workpieces are 
concomitantly measured and examined metallographically to describe their structural properties. The 
setting of the process parameters is adapted to the selected tool-workpiece combination. Each series of 
experiments is conducted with five workpieces. The parameters of the experimental setup are 
presented in Table 2.  
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Material 1.7225 Batch A Batch B 
Rotation speed n [min-1] 800 800 
Feed speed vf [mm*min-1] 400 , 600 600 
Depth of cut ap [mm] 0.5 , 1 1 
Table 2: Experimental setup parameters during milling with a 45°plane milling head with 5 Cermet-edges 
and 80 mm diameter. 
 
After the preparation, the samples were measured with a three-axis Hall sensor metrolab THM 
1176-LF. The setup can be seen in Figure 3. The distance between the Hall sensor and the workpiece 
surface is to be considered.  
 
   
Figure 3: Setup for the measuring of the magnetic flux density with a three-axis Hall sensor  
                  metrolab THM 1176-Low Field with an accuracy of 1% of the measured value.  
3 Results 
The results are divided into three sections. First, the influence of the Hall sensor’s distance to the 
workpiece is described, followed by the influence of the process parameters and finally, the influence 
of the material itself in the comparison of two batches with the same material designator.  
The influence of the sensor distance to the surface is shown in Figure 4(a). By a too large distance, 
the values are distorted and assumed to be too low. Only by direct measurement on the workpiece 
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surface in a protected area meaningful and comparable measurements can be performed. Figure 4(b) 
shows an example of the magnetic field’s intensity measurement over the surface of a batch A-
workpiece at a sensor distance of 0.2 mm. 
 
 
Figure 4:  Amount of magnetic flux density vs. distance between sensor and surface (a), 
exemplary scan of a workpiece surface measurement (b) with two images  
(1) metallic surface (2) Magnetic Viewer image Maurer magnetic AG B-1022. 
 
Figure 5 shows the influence of the process parameters by milling the material 1.7225 batch A. It 
can be seen that an increase in the feed speed leads to an increase of the amount of magnetic flux 
density after milling across the entire workpiece. By comparison of pre-machining and machining 
densities there is the same amount visible. This confirms results that were found in previous studies 
with other materials (Baehre, 2011). 
 
     
Figure 5: Comparison of variation of the feed speed vs. magnetic flux density:  
(a) amount after machining,  (b) change of magnetic flux density by machining ΔB. 
 
This connection cannot be recognized at an increased material removal by higher depth of cut, 
Figure 6. It can be seen that an increase in the depth of cut does not lead to an increase of the amount 
of magnetic flux density after milling across the entire workpiece.  
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Figure 6: Comparison of variation of the depth of cut vs. magnetic flux density:  
       (a) amount after machining,  (b) change of magnetic flux density by machining ΔB.  
 
However, as far as the initial state and the machining conditions are concerned the amount 
increases with an increased material removal of the changes between the initial state- and machining- 
densities. This shows that the material history plays an important role for the magnetic property 
changes. More experiments will be needed to verify this. The influence of the material can be detected 
even when comparing the batches with the same material designator, Figure 7. The change can be 
attributed to the history of the workpiece. Due to handling, the percentage of the alloying elements, 
the structure distribution and different rim zones, there is a different behavior during the machining 
despite the same conditions. The level of the magnetic flux density after machining is equal even 
when the magnetic flux density after the initial state processes is quite different. This is a starting 
point for further analyses to get information about the reasons of the obtained results.  
 
   
Figure 7: Comparison of two batches of steel 1.7225. 
4 Summary and Conclusion 
Workpieces made of ferromagnetic materials change their magnetic surface properties during the 
application of cutting processes. The presented results of the measured magnetic fields show the 
necessity of a systematic process chain analysis to be able to assign the changes and to classify the 
causes found in the process under the overall context. In detail, it can be determined that under these 
milling conditions as applied here: 
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o the distance of the sensor to the sample surface during the measurement has a huge influence on 
the measurement accuracy and the value as well as the validity of the results  
o with higher removal, by an increase of the feed speed leads to an increase of the magnetic flux 
density 
o with higher removal, by higher cutting depth, there is no measurable change by comparing the 
machining values, but by comparing the difference of the initial state to machining there is a 
measureable change to observe  
o the influence of the batch is essential to the question if the machining does cause a change at all 
The conclusions show that further analyses are necessary to explain the reasons for these changes 
of magnetic properties, especially with regard to the history and initial state influence e.g. the batch 
influence. Therefore, a process parameter comparison for both batches is conducted to find out which 
process step is responsible for the above results. The results after machining are in an mT-range that 
seems very small. But if it is taken into consideration how low the required forces for the adherence of 
particles are, the influence on the next process steps is given without doubt. Additionally, the 
adjustment of process steps within the process chain is considered, especially with regard to the order 
of the demagnetization.  
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